The goal of the present study is to unveil the gene expression profile specific to the biological processes of human breast epithelial cell invasion and migration using an MCF10A model genetically engineered to constitutively activate the H-ras or N-ras signaling pathway. We previously showed that H-Ras, but not N-Ras, induces MCF10A cell invasion/migration, whereas both H-Ras and N-Ras induce cell proliferation and phenotypic transformation. Thus, these cell lines provide an experimental system to separate the gene expression profile associated with cell invasion apart from cell proliferation/transformation. Analysis of whole human genome microarray revealed that 412 genes were differentially expressed among MCF10A, N-Ras MCF10A, and H-Ras MCF10A cells and hierarchical clustering separated 412 genes into four clusters. We then tested whether S100A8 and S100A9, two of the genes which are most highly up-regulated in an H-Ras -specific manner, play a causative role for H-Ras -mediated MCF10A cell invasion and migration. Importantly, small interfering RNA -mediated knockdown of S100A8/A9 expression significantly reduced H-Ras -induced invasion/ migration. Conversely, the induction of S100A8/A9 expression conferred the invasive/migratory phenotype to parental MCF10A cells. Furthermore, we provided evidence of signaling cross-talk between S100A8/A9 and the mitogen-activated protein kinase signaling pathways essential for H-Ras -mediated cell invasion and migration. Taken together, this study revealed S100A8/A9 genes as candidate markers for metastatic potential of breast epithelial cells. Our gene profile data provide useful information which may lead to the identification of additional potential targets for the prognosis and/or therapy of metastatic breast cancer. (Mol Cancer Res 2008;6(10):1544 -53) 
Introduction
The major cause of death from breast cancer is the metastatic spread of the disease from the primary tumor to distant sites in the body, yet predictive means of metastatic potential or strategy for therapeutic intervention are poorly established at present. Recent studies of the gene expression profiles between human primary tumors and metastases provided molecular insight into potential biomarkers that are indicative of invasiveness of the disease (1) (2) (3) (4) (5) . However, interpretation of comparative analyses of patient tissues are complicated due to difficulties controlling degrees of stromal elements in the tumor samples, differences in the genetic background among patients, tumor heterogeneity within an individual, timing of biopsy in relation to the chemotherapy, and/or radiation therapy, etc.
Mutations of the ras oncogene are among the most frequent genetic alterations in human tumors. The single point mutation at amino acid residue 12 (Gly to Asp) of H-Ras is more often found in mammary carcinoma, whereas the same mutation of N-Ras is detected in teratocarcinoma and leukemia (6) . To investigate the molecular mechanisms by which breast epithelial cells undergo phenotypic transformation and acquire invasive potential, we have previously generated the MCF10A model system in which H-Ras or N-Ras is constitutively activated by mutating Gly to Asp in the amino acid codon 12 in H-Ras and N-Ras, respectively. We showed that although both H-Ras and N-Ras induce phenotypic transformation of MCF10A cells assessed by anchorage-independent cell growth and foci formation, only H-Ras activation induces invasive and migratory phenotypes in these cells (7) . H-Ras -induced invasiveness was associated with its activation of p38 mitogen-activated protein kinases (p38 MAPK) and extracellular signal-regulated kinases (ERK), resulting in the induction of matrix metalloproteinase (MMP)-2 and MMP-9, whereas N-Ras activated ERK but not p38 MAPK leading to MMP-9 induction with little effect on MMP-2 expression (8, 9) . In order to unveil the molecular signature specific to the biological processes of invasive breast cancer, the present study analyzed the gene expression profile of our control, N-Ras -transfected and H-Ras -transfected MCF10A cells, an experimental model system representing the phenotypic conversion of transformation (control versus N-Ras -or H-Ras -transfected cells) and conversion from noninvasive/migratory to invasive/migratory breast epithelial cells (control or N-Ras versus H-Ras). Analysis of whole human genome microarray revealed that the expression levels of 412 genes were differentially modulated among MCF10A, N-Ras MCF10A, and H-Ras MCF10A cells. Among 173 genes that were uniquely up-regulated in invasive H-Ras MCF10A cells compared with noninvasive control or N-Ras MCF10 cell line, two calcium-binding proteins from the S100 family, S100A8 (myeloid-related protein-8, MRP8, or calgranulin A) and S100A9 (MRP14 or calgranulin B; refs. [10] [11] [12] , were prominently regulated. The microarray results of a few potential biomarkers, including S100A8 and S100A9, were validated by real-time reverse transcription-PCR analysis, and H-Ras -mediated S100A8 and S100A9 induction was further confirmed by immunoblot analysis. Importantly, small interfering RNA (siRNA) -mediated knockdown of S100A8 or S100A9 expression significantly reduced H-Rasmediated MCF10A cell invasion and MMP-2/MMP-9 induction, suggesting the functional significance of S100A8 and S100A9 for induction of the invasive phenotype of human breast epithelial cells. We also provided evidence for the positive feedback signaling loop between Ras-activated ERK/ p38 MAPK and S100A8/S100A9 expression. Taken together, the present study provided information revealing changes in gene profiles potentially associated with cell invasion, separate from proliferation/transformation.
Results

Microarray Analysis
To unveil the gene expression profile associated with cell invasion apart from cell proliferation/transformation, differential gene expression patterns of MCF10A, N-Ras MCF10A, and H-Ras MCF10A cells were examined by Whole Human Genome Oligo Microarrays. Using ANOVA, a total of 1,542 genes were identified as differentially expressed between control and H-Ras MCF10A cells with P V 0.001 and 3% false discovery rate, whereas 1,012 genes were differentially expressed between H-Ras MCF10A and N-Ras MCF10A cells with P V 0.001 and 4% false discovery rate. As shown in Fig. 1A , the intersection of these two sets provided 412 genes that were differentially expressed in H-Ras MCF10A cells compared with MCF10A controls and also differentially expressed when comparing H-Ras MCF10A and N-Ras MCF10A cells. This approach provides a list of candidate genes involved in the H-Ras -specific induction of the invasive phenotype in MCF10A cells. It excludes, however, such genes that are activated by both H-Ras and N-Ras and may cooperate with some other H-Ras -specific gene(s) to induce the invasive behavior.
In order to identify genes that were uniquely up-regulated or down-regulated in invasive/migratory H-Ras MCF10A cells compared with noninvasive MCF10A cells or N-Ras MCF10A cells, hierarchical clustering was done with the 412 genes identified in the statistical analysis. Four clusters with distinct expression profiles were identified as depicted in Fig. 1B , and the fluorescent spot intensity signals in each cluster are shown Table 1 . Cluster 2 consists of 77 genes that are progressively upregulated in N compared with H and 10A. Twenty genes with the highest values of log 2 N/10A are listed in Table 1 . Seventyeight genes were grouped into cluster 3, which are progressively down-regulated in N compared with H and 10A. A list of 20 genes with the lowest values of log 2 N/10A is shown in Table 1 . Cluster 4 consists of 173 genes that are markedly up-regulated in H compared with 10A and N. Twenty genes with the highest values of log 2 H/10A are listed in Table 1 .
Validation of Microarray Analysis by Real-time PCR and Reverse Transcription-PCR
The microarray data of several cluster 4 genes (up-regulated by H-Ras) were then validated by real-time PCR and reverse transcription-PCR analyses. Seven genes (S100A8, S100A9, IL1R2, H2AFO, C3, HSD17B2, and CSF3) from cluster 4 and two genes (FN1 and TNFSF7) from cluster 2 were subjected to real-time PCR analysis using TaqMan assay method to validate the microarray results. As shown in Table 2 , the real-time PCR results of all nine genes tested were consistent with the microarray data.
Among genes in cluster 4, S100A8 and S100A9, the members of the S100 protein family within the Ca 2+ -binding EF-hand protein superfamily (13) , were most prominently upregulated by H-Ras. Because mounting evidence suggested oncogenic activities of S100 proteins in the regulation of cell motility and invasion during human cancer progression and metastasis (14, 15) , the subsequent study focused on these two proteins. In order to ensure the real-time PCR data of S100A8 and S100A9 obtained by TaqMan assay, the SYBRGreen assay was done on these two genes and the same results were obtained (data not shown). In addition, reverse transcription-PCR analysis was conducted to further confirm the microarray and real-time PCR data. As shown in Fig. 1D , the expressions of S100A8 and S100A9 were selectively induced in H-Ras MCF10A cells.
Roles of S100A8 and S100A9 in Invasive and Migratory Phenotypes
In order to determine the functional significance of S100A8 and S100A9 in the H-Ras -induced invasive phenotype in MCF10A cells, we selectively knocked down the expression of S100A8 or S100A9 using an siRNA approach ( Fig. 2A) . Following S100A8 down-regulation, the invasiveness of H-Ras MCF10A cells was significantly inhibited by 66% as determined by in vitro invasion assay (Fig. 2B) . Interestingly, a more drastic inhibition (85%) of invasion was observed when S100A9 expression was knocked down. Similarly, H-Ras MCF10A cell motility was inhibited by knockdown of S100A8 and S100A9 by 57% and 80%, respectively (Fig. 2B) . Knockdown of S100A8/9 did not affect the proliferation of H-Ras MCF10A cells as evidenced by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (data not shown). The results show that S100A8 and S100A9 are critical components of H-Ras -mediated cell migration and invasion. When both S100A8 and S100A9 were knocked down, inhibition of invasive/migratory abilities was similar to that exerted by siRNA for S100A9 alone, suggesting that S100A8/9 did not act synergistically in promoting the invasion and migration of H-Ras MCF10A cells.
Our previous study showed critical roles for MMP-2 and, to a lesser degree, MMP-9 in the H-Ras -mediated migratory and invasive phenotype in MCF10A cells (8) . To test whether S100A8 and/or S100A9 mediate H-Ras -induced MMP-2 and/ or MMP-9 expression, we examined the levels of MMP-2 and MMP-9 by gelatin zymography and reverse transcription-PCR analysis in H-Ras MCF10A cells following S100A8 or S100A9 knockdown. As shown in Fig. 2C , inhibition of S100A8 expression resulted in the down-regulation of MMP-9 and, to a lesser degree, MMP-2 in H-Ras -activated MCF10A cells, whereas S100A9 down-regulation drastically reduced the levels of MMP-2 and, to a lesser extent, MMP-9 expression. These results suggest that H-Ras -induced S100A8 may exert a crucial role in MMP-9 up-regulation, whereas S100A9 is more closely associated with MMP-2 expression in human breast epithelial cells.
Our data suggest that S100A8 and S100A9 may be responsible for H-Ras -specific induction of invasive and migratory phenotypes in MCF10A cells. To validate the results obtained by siRNA-mediated knockdown of S100A8/A9, we did a gain-of-function experiment. We tested whether the induction of S100A8 and S100A9 can confer invasive and migratory abilities in MCF10A cells which are noninvasive and nonmigratory. To address this issue, we transfected the parental MCF10A cells with either S100A8 or S100A9 DNA constructs and examined their invasive and migratory properties. Invasion and migration were significantly increased by the induction of S100A8 and S100A9 to a similar extent, demonstrating that the induction of S100A8 and S100A9 could confer invasive and migratory phenotypes in the MCF10A cell line (Fig. 2D ).
Role of Calcium in Invasion, Migration, and S100A8/A9 Expression
Recent studies showed that S100 proteins form tetramers or even higher-order oligomers in a calcium-dependent manner, and that oligomerization is an essential prerequisite for their biological functions (16, 17) . To further investigate the significance of S100A8/S100A9 in H-Ras -mediated cell invasion/migration, we temporarily depleted intracellular calcium in H-Ras MCF10A cells using BAPTA/AM, an intracellular calcium chelator (18) . As shown in Fig. 3A , H-Ras -induced invasion and migration of MCF10A cells were significantly inhibited by treatment with 50 Amol/L of BAPTA/AM, demonstrating the requirement of the intracellular calcium currents for cell movement of H-Ras MCF10A cells. Interestingly, S100A8 and S100A9 proteins were barely detectable when intracellular calcium was depleted (Fig. 3B, right) , whereas the RNA levels of S100A8 and S100A9 were not altered (Fig. 3B, left) . These results suggest that calcium may be critical for the protein stability of S100A8 and S100A9. A possibility that calcium may affect the translation of these proteins, however, cannot be excluded.
Effects of ERK and p38 MARK Pathways on S100A8 and S100A9 Expression S100A8 and S100A9 have been shown to induce migration of macrophages and tumor cells into the lung through activation of p38 MAPK signaling (19) . Our previous study showed that p38 MAPK and ERK pathways were critical to the invasive and migratory phenotypes induced by H-Ras in MCF10A cells (8) . To investigate the functional relationship between S100A8/ S100A9 and the previously known signaling cascades mediated by H-Ras, we examined the levels of S100A8 and S100A9 following the treatment of H-Ras MCF10A cells with SB203580 and PD98059, pharmacologic inhibitors of the p38 MAPK and ERK pathways, respectively. As shown in Fig. 3C , inhibition of p38 MAPK and ERK pathways resulted in a prominent inhibition of S100A8 and S100A9. The mRNA levels of S100A8 and S100A9 were also decreased by SB203580 and PD98059, as evidenced by reverse transcription-PCR, suggesting that the down-regulation of these proteins was not due to protein degradation (data not shown). The results show that both p38 MAPK and ERK signaling pathways play a critical role in the H-Ras -mediated S100A8 and S100A9 expression in MCF10A cells. We next asked if expressions of S100A8 and S100A9 affected the activation of ERK and p38 MAPK. As shown in Fig. 3D , the levels of phosphorylated ERK and p38 MAPK were decreased by knockdown of S100A8 or S100A9 by siRNA molecules, suggesting that expressions of S100A8 and S100A9 are important for the activation of MAPK signal transduction pathways.
Discussion
Microarray analysis produced a list of genes selectively upregulated or down-regulated by H-Ras or N-Ras. The main merits of this study are 2-fold. First, the comprehensive gene expression profile of the control, N-Ras -transfected and H-Ras -transfected MCF10A cells provide valuable information which may lead to a better understanding of the molecular signature specific to many different cellular processes which are manifested in an H-Ras -specific or N-Ras -specific manner in our experimental model system. Second, some of the signature genes may play causative roles in a particular biological process, helping us understand a particular cellular process at the molecular level and thereby providing the potential molecular targets for therapy. In this study, we investigated the functional significance of S100A8 and S100A9 in H-Rasmediated cell invasion, two of the genes most abundantly up-regulated by H-Ras in MCF10A cells. These genes were also chosen based on recent studies which suggest the role of S100 proteins in mediating various cellular processes including cell growth, differentiation, cell migration, and cell adhesion (20) (21) (22) . Among S100 proteins, S100A4, S100A8, and S100A9 have emerged as potential prognostic markers for poor patient survival and metastasis of a number of cancers (14, (23) (24) (25) . S100A8 and S100A9 were shown to be overexpressed in gastric cancer (26, 27) , prostate cancer (28), breast cancer (29), lung adenocarcinomas (30), pulmonary adenocarcinoma (30) , and hepatocellular carcinoma (31) . Consistent with the present study, we previously showed that S100A8 and S100A9 play critical roles in the invasive phenotype of a human gastric cancer cell line, SNU484 (27) . In agreement with our study, S100A8 and S100A9 were shown to induce myeloid cell recruitment and tumor cell invasion in premetastatic lung (19) . Interestingly, expression profiling of signal transducers and activators of transcription 3 -transformed MCF10A and HME breast epithelial cells identified 23 overexpressed genes including MMP-9, S100A8, and S100A9 (32) . Taken together, S100A8 and S100A9 may serve as potential markers associated with tumor cell invasion and migration.
At the molecular level, the S100A8/A9 complex was shown to activate nuclear factor nB and to induce phosphorylation of p38 MAPK and ERK in prostate cancer cells (33) . Calcium binding induces tetramer formation or oligomerization of S100A8 and S100A9, a prerequisite for their biological activities (16) . The conformational changes allow the phosphorylation of S100A9 by p38 MAPK and polymerization of microtubules during migration of phagocytes (12) . The S100A8/S100A9 complex binds to tubulin filaments in a calcium-dependent manner and in the presence of S100A8/A9 complex, the number of tubulin filaments is significantly increased (12) . In agreement with previous reports, the present study provided evidence of critical roles for S100A8 and S100A9 in H-Ras -mediated cell invasion/migration in a calcium-dependent manner. Interestingly, intracellular calcium seems to be critical for the protein stability of S100A8 and S100A9 in MCF10A cells in addition to its previously reported role in the induction of oligomerization and conformational changes of the S100A8/A9 complex necessary for their biological activity. Our previous study showed that H-Ras activation of the p38 MAPK pathway is critical for MMP-2 induction, whereas the ERK pathway leads to MMP-9 induction (34). Inhibition of the p38 MAPK signaling by SB203580 resulted in a more drastic inhibition of S100A9, whereas blocking the ERK pathway by PD98059 inhibited the expression of S100A8 more efficiently than that of S100A9 (Fig. 3C) . These data suggest that the p38 MAPK pathway may play a major role in the H-Ras -mediated S100A9 expression, whereas the ERK pathway is more critical for S100A8 up-regulation. Interestingly, the siRNA-knockdown of S100A8 resulted in a more efficient down-regulation of MMP-9 than MMP-2 whereas knockdown of S100A9 more drastically reduced the level of MMP-2 (Fig. 2C) . These results support the notion that S100A8 is more closely associated with MMP-9 expression mediated by the ERK pathway, and that S100A9 may play a major role in MMP-2 up-regulation, which is dependent on p38 MAPK signaling. These results may unveil subtle but potentially significant differences between S100A8 and S100A9 for the regulation by intracellular signal transduction pathways. At present, the molecular basis for these functional differences is unclear. However, taking these results together with our previous study which showed a critical role for H-Ras -specific activation of p38 MAPK signaling pathway leading to MMP-2 up-regulation and induction of the invasive phenotype of human breast epithelial cells (8, 9, 34) , it is plausible that S100A9 may play an important role in H-Rasinduced invasion and migration of MCF10A cells in addition to its cooperative role with S100A8.
Hierarchical clustering of 412 genes that were differentially expressed among MCF10A, N-Ras MCF10A, and H-Ras MCF10A cells produced four groups of genes which are uniquely up-regulated or down-regulated by H-Ras or N-Ras.
In this proof-of-principle study, we showed that two gene products induced by H-Ras are the downstream targets of the H-Ras signaling pathways. Considering the diverse roles of H-Ras and N-Ras in the regulation of central signaling networks critical for many different cellular processes, the gene profiling data presented in this article may be useful for many investigators seeking to unveil Ras isoform -specific molecular actions during normal physiologic processes and pathologic conditions in the future. The list of genes presented here may also be useful to generate a diagnostic chip for pattern recognition to predict a particular cellular process.
Materials and Methods
Cell Culture
The development and characterization of MCF10A, H-Ras MCF10A, and N-Ras MCF10A cells were described previously with siRNAs for S100A8 and S100A9 were subjected to in vitro invasion assay (left ) or Transwell migration assay (right ). The number of invaded or migrated cells per field was counted (Â400) in 13 arbitrary visual fields. Columns, mean of results in triplicate; bars, SE. *, P < 0.01, statistically different from controls using the two-tailed Student's t test.
C. Gelatin zymogram assay
(left ) was done on cells transfected with siRNAs for S100A8 and S100A9 to analyze the gelatinolytic activities of secreted MMP-2 (72 kDa) and MMP-9 (92 kDa). Reverse transcription-PCR analysis (right ) was done to detect mRNA levels of MMP-2 and MMP-9. Relative band intensities were quantitated and plotted. D. MCF10A cells were transiently transfected with S100A8 and S100A9 constructs. The transfected cells were subjected to in vitro invasion assays (left ) or Transwell migration assays (right ). The number of invaded or migrated cells per field was counted (Â400) in 13 arbitrary visual fields. Columns, mean of results in triplicate; bars, SE. *, P < 0.01, statistically different from controls using the two-tailed Student's t test.
(7). Cells were cultured in DMEM/F12 supplemented with 5% horse serum, 0.5 Ag/mL of hydrocortisone, 10 Ag/mL of insulin, 20 ng/mL of epidermal growth factor, 0.1 Ag/mL of cholera enterotoxin, 100 units/mL of penicillin-streptomycin, 2 mmol/L of L-glutamine, and 0.5 Ag/mL of amphotericin. Cells were maintained in a humidified atmosphere with 95% air and 5% CO 2 at 37jC.
Microarray
Total RNA was prepared using Trizol reagent (Invitrogen) according to the manufacturer's instructions. The quality of each RNA sample was tested using an Agilent 2100 Bioanalyzer (Agilent Technologies). Fluorescent labeling was done on 500 ng of total RNA for each sample using the Agilent Low RNA Input Linear Amplification Kit according to the vendor's protocol (Agilent). A common reference pool was constructed by pooling equal amounts of total RNA from all samples. Each sample was individually cohybridized on a microarray with the reference pool, in which the sample and reference pools were labeled with contrasting fluorescent dyes, cyanine 5 (Cy5) and cyanine 3 (Cy3). A pair of dye-swapped arrays was completed for each sample: Cy5-labeled sample were treated with various concentrations of BAPTA/AM for 24 h and subjected to reverse transcription-PCR analysis (left) and Western blot analysis (right ) to detect expressions of S100A8 and S100A9. h-Actin was used as a control.
C. H-Ras MCF10A cells were treated with SB203580 or PD98059 at various concentrations for 24 h. Expression of S100A8 and S100A9 were determined by Western b l o t a n a l y s i s . R e l a t i v e band intensities were quantitated and normalized to notreatment control. D. H-Ras MCF10A cells were transfected with siRNA for S100A8 and S100A9. Phosphorylated ERK and p38 MAPK were detected by Western blot analysis. Relative band intensities o f p h o s p h o r y l a t e d E R K (pERK ) or p38 MAPK (pp38 ) were quantitated and normalized to total ERK or p38 MAPK.
cohybridized with Cy3-labeled reference pool and Cy3-labeled sample cohybridized with Cy5-labeled reference pool. A total of 12 microarray analyses were done in the study including two RNA samples used for each cell line, each sample having a dyeswapped pair of arrays. Labeled cRNA was purified using Qiagen RNeasy Mini kit (Qiagen). Hybridization was done for 17 h at 60jC using Agilent Whole Human Genome Oligo Microarrays, each having 41,000 probes (Agilent). Slides were scanned with an Agilent dual laser scanner set at 100% photomultiplier tube.
Data Analysis
Scanned (Tiff) images were analyzed using Agilent's feature extraction software to obtain fluorescent intensities for each spot on the arrays. Local background subtraction and linear and Lowess normalization was done on intensity values. ANOVA was done with Rosetta resolver using error-weighted averaging of replicates (35) . Hierarchical clustering was done with GeneSpring (version 7.3, Agilent Technologies) using Pearson correlation of expression ratios normalized on a per gene basis. Each gene was normalized across all samples by dividing the expression ratio of each individual sample measurement for that gene by the mean ratio obtained from all samples for the given gene. The net effect is to center all gene profiles around a ratio of one, thereby facilitating a comparison of the expression profiles.
Real-time PCR
The total RNA of each sample was used to generate cDNA and comparative real-time PCR reactions were carried out following the protocol for the TaqMan Reverse Universal Transcription Master Mix (Applied Biosystems). Each sample was assayed in triplicate for each gene. Assays were completed using the ABI Prism 7500 Fast Sequence Detection System (Applied Biosystems). The initial setup for the thermocycler condition was 20 s at 95jC. After the initial setup, 40 cycles were run with two steps, 3 s at 95jC followed by 30 s at 60jC. Data were analyzed using the comparative cycle threshold (C t ) method. Relative quantification was done comparing gene expression between the two cell lines and using Polr2a as an endogenous control for normalization of genes (36) .
Reverse Transcription-PCR Detection
RNA was reverse transcribed with RT-Superscript III reverse transcriptase (Invitrogen). Primers for S100A8 and S100A9 were designed according to the sequences of S100A8 and S100A9 mRNA (GenBank no. NM_002964 and NM_002965, respectively). The forward and reverse primers for S100A8 were 5 ¶-CCGAGTGTCCTCAGTATATCAGGA-3 ¶ and 5 ¶-GGCCATCTTTATCACCGAATGA-3 ¶, respectively. The forward and reverse primers for S100A9 were 5 ¶-GTCGCAGC-TGGAACGCAACA-3 ¶ and 5 ¶-CCTGGCCTCCTGAT-TAGTGG-3 ¶, respectively. The forward and reverse primers for MMP-2 were 5 ¶-AATGCCATCCCCGATAACC-3 ¶ and 5 ¶-AAACTTCACGCTCTTCAGAC-3 ¶, respectively, and the forward and reverse primers for MMP-9 were 5 ¶-TCTTCCAG-TACCGAGAGAAAG-3 ¶ and 5 ¶-AGGATGTCATAGGTCA-CGTAG-3 ¶, respectively. For reverse transcription-PCR analysis, the following amplification conditions were applied: 94jC 2 min for 1 cycle, then at 94jC for 30 s, 55jC for 45 s, 72jC for 45 s for 25 to 30 cycles, and 72jC for 7 min. Equal volumes of each PCR product were analyzed by agarose gel electrophoresis and bands of S100A8 (119 bp), S100A9 (400 bp), MMP-2 (119 bp), and MMP-9 (124 bp) were detected.
Western Blot Analysis
Anti-S100A8 and anti-S100A9 antibodies were purchased from Santa Cruz Biotechnology. Anti -h-actin antibody was purchased from Sigma-Aldrich. Equal amounts of protein extracts in SDS-lysis buffer were subjected to 12% SDS-PAGE analysis and electrophoretically transferred to polyvinylidene difluoride membrane. Enhanced chemiluminescence (Amersham-Pharmacia) system was used for detection. Relative band intensities were determined by quantitation of each band with an Image Analyzer (Vilber Lourmat).
siRNA Preparation and Transfection
The siRNA sequences targeting S100A8 (5 ¶-CCAUCAU-CAACACCUUCCACCAAUA-3 ¶) and S100A9 (5 ¶-CCUU-GAACUCUAUCGACGUCUA-3 ¶) were purchased from Invitrogen. H-Ras MCF10A cells in the exponential phase of growth were plated in six-well plates at 1.5 Â 10 5 cells/well, grown for 24 h then transfected with 25 pmol of siRNA for 6 h using Lipofectamine 2000 reagent (Invitrogen) and OPTI-MEM reduced serum medium (Invitrogen). Control cells were treated with Stealth RNAi-negative control duplex (Invitrogen).
Transfection of MCF10A Cells with S100A8 and S100A9 Constructs S100A8 and S100A9 expression constructs were purchased from Invitrogen. MCF10A cells in the exponential phase of growth were plated in six-well plates at 3.5 Â 10 5 cells/well, grown for 24 h, then transfected with 4 Ag of each plasmid for 6 h using Lipofectamine 2000 reagent (Invitrogen) and OPTI-MEM reduced serum medium (Invitrogen). For cotransfection of S100A8 and S100A9 plasmids, equal amounts of the plasmids were added to the transfection mix. Control cells were transfected with empty vectors of the expression construct.
Gelatin Zymogram Assay
Cells were cultured in serum-free DMEM/F12 medium for 48 h. The gelatinolytic activity of the conditioned medium was determined by gelatin zymogram assay as previously described (7) . Areas of gelatinase activity were detected as clear bands against the blue-stained gelatin background.
In vitro Invasion Assay and Transwell Migration Assay
In vitro invasion assay and transwell migration assay were done for 18 h using a 24-well transwell unit as previously described (8) .
Densitometry Measurements
Relative band intensities were determined by quantitation of each band with an Image Analyzer (Vilber Lourmat).
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